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Abstract
We study single top quark production at the HERA and THERA colliders as coming from the FCNC vertices tcγ and tcZ
that appear at one loop level in topcolor-assisted technicolor models (TC2). In contrast with previous expectations, we find
that the production cross section is of order 10−6 pb for HERA and 10−4 pb for THERA (even lower that the SM prediction).
Therefore, none of the two colliders are capable to probe the pseudoscalar top-pion or the scalar top-Higgs predicted in TC2
models via single top production.
 2004 Elsevier B.V.
PACS: 14.80.-j; 14.65.Ha; 12.60.Nz
Open access under CC BY license. 1. Introduction
There has been an increased interest in studying
forbidden or highly suppresed processes as they be-
come an ideal site to search for new physics lying
beyond the Standard Model (SM). In particular, it is
expected that if there is any new physics associated
with the mas generation mechanism, it may be more
apparent in the top quark interactions than in the all
the lighter fermions [1]. Along this line, it has been
suggested that t-channel single top production could
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Open access under CC BY license. be rather sensitive to the non-SM flavor changing neu-
tral coupling (FCNC) vertices tcγ (Z) [2,3]. While
in general, vector and scalar FCNC vertices are very
suppresed by the GIM mechanism in the SM, some
extensions of the SM can generate some of them at
the tree level [4]. This is the case of top-color as-
sisted technicolor (TC2), where a composite t t¯ scalar
(and a pseudo-scalar) appears as a result of a strong
interaction and can give rise to sizeable FCNC tch0t
(tcπ0t ) couplings [5]. Then, at the one loop level, these
couplings can give rise to effective tcV couplings
(V = γ,Z).
In particular, the pseudo-scalar flavor diagonal and
the flavor changing couplings that are relevant for the
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[5,6]:
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where Ft ∼ 50 GeV is the top-pion decay constant,
vW = v/
√
2, and the kU terms come from the diago-
nalization of the up and down quark matrices. Their
numerical values are kttUL ∼ 1 and ktcUR 
√
2 − 2,
with 0.03    0.1 a free parameter. There are also
couplings involving the scalar top-Higgs h0t , and their
effect on the production of single top at HERA is sim-
ilar to that of the top-pion. In order to simplify our
discussion we will not consider them in this work.
Notice that in this model the flavor changing scalar
coupling only involves the right handed component of
the charm quark [6].
Recently, it was suggested that the neutral pseudo-
scalar top-pion π0t (or the neutral scalar top-Higgs h0t )
contribution to the single top quark production cross
section σ(ec → et) could be significant, of order
1–6 pb, at the HERA and THERA colliders for a top-
pion mass mπ between 200 and 400 GeV [7].
In the present Letter, we re-examine this possibil-
ity and we find that the cross section due to the top-
pion is rather of order much less than 1 fb. In fact,
the contribution of the top-pion (or the top-Higgs) is
much smaller the SM contribution which is of order
less than 1 fb and is not observable at HERA [8,9].
Unfortunately, none of these two colliders HERA and
THERA are thus capable to probe the TC2 scalar par-
ticles through single top production.
2. The FCNC single top production at HERA
We consider the tree level FCNC process
(2)e(K1) + c(P1) → e(K2) + t (P2),
where momentum conservation dictates K1 + P1 =
K2 +P2, and the Mandelstam variables are defined as
sˆ = (K1 +P1)2, t = (P2 −P1)2 and u = (P2 −K1)2. In
this Letter, we take the top quark mass mt = 175 GeV
and the charm quark as massless. We also neglectterms proportional to the electron mass me in the dif-
ferential cross section. However, we will use me =
0.5 MeV for the upper and lower limits of the Mandel-
stam variable t in the phase space integral. This is done
in order to avoid the divergence that appears when the
exchanged photon goes on-shell (t = q2 = 0) [9]. The
lower and upper limits for sˆ = xS are m2t  sˆ  S.
S is the C.M. energy of the collider: S = 320 GeV for
HERA and S = 1 TeV for THERA.
Through a series of loop diagrams the FCNC tcπ0t
vertex gives rise to effective tcV vertices, with V =
γ,Z. These diagrams have been calculated and their
results given in terms of the following general effec-
tive tcV couplings [7]:
Λ
µ
V t¯c
= ie(γ µ(F1V +F2V γ 5)− Pµ2 (F3V + F4V γ 5)
(3)+ Pµ1
(
F5V + F6V γ 5
))
.
(In the notation of [7] P1 = Pc and P2 = −Pt .) The F
coefficients are given in Ref. [7]. We have computed
them and have found agreement, except for the fact
that the left handed component of the c quark can-
not participate in the tcγ vertex. The reason for this
is that it is only the right handed component of the c
quark that appears in the tcπ0t vertex, which gives rise
to tcγ . Nevertheless, this correction does not change
in any way the fact that the cross section for single
top production turns out to be negligible for our TC2
model.
3. General tcγ vertex with current conservation
For this t-channel process it is well known that
HERA will get the bulk of the production cross sec-
tion from the region where the momentum transfer is
very small and the exchanged photon is quasi-real [9].
The contribution from Z exchange is several orders
of magnitude smaller. In fact, the experimental situa-
tion is such that the scattered positron usually escapes
through the rear beam pipe, and events with Q2 greater
than 1 GeV2 are rejected [10]. The reason for this is
because the photon propagator tends to infinity in the
limit q2 → 0, and the phase space integration must
be done carefully. In particular, the effective tcγ cou-
plings of Eq. (3) are not the most convenient to work
with. It turns out that the coefficient F1 is different
from zero in the on-shell limit t = q2 = 0 (see Eq. (5)
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ing the interference with F3 and F5) its contribution
to the cross section diverges very rapidly. Indeed, the
contribution of the other coefficients F3 and F5 will
also diverge, but in such a way as to cancel out the
contribution from F1. Unlike the strategy followed by
Ref. [7], we will not use the coupling in the form of
Eq. (3). Instead, we will perform a Gordon decompo-
sition to transform it into a more suitable form; one
that has no such big cancellations.
With the bulk of the contribution coming from a
quasi real photon we should bear in mind that electro-
magnetic vector current conservation implies that the
coupling t¯γµc must vanish when the photon goes on
shell [11]. In order to make this apparent, we take the
tcγ coupling of Eq. (3) and change it from the (γ µ,
P
µ
1 , P
µ
2 ) basis to the (γ µ, σµνqν , qµ) basis [11]. We
rewrite Eq. (3) through a Gordon decomposition:
Λ
µ
V t¯c
= ie(γ µ(VV − AV γ 5)
+ iσµνqν
(
F7V + F8V γ 5
)
(4)+ qµ(F9V + F10V γ 5))
where q = P2 − P1 is the momentum of the exchange
photon (or Z), and with the new coefficients given by
V = F1 + mt F5 − F32 , A = F2 + mt
F6 − F4
2
,
F7 = F3 − F52 , F8 =
F4 − F6
2
,
F9 = −F3 + F52 , F10 = −
F4 + F6
2
.
Based on the results of Ref. [7] we can make a nu-
merical calculation of the coefficients defined above.
First, let us see the values of F3−5 for a top-pion mass
mπ = 200 GeV and for q2 = 0:
F1γ = −6.918 × 10−3f (),
mtF3γ = −4.1198 × 10−3f (),
(5)mtF5γ = 9.7162 × 10−3f ().
Here, we have separated the factor f () = (1 − )×√
2 − 2 that gives the dependence on . The cancel-
lation in Eq. (4) can be easily verified. For q2 small but
not zero we have that Vγ (Z) varies linearly with t = q2.
Nevertheless, all the other form factors remain nearly
constant for small and even greater (than 1 GeV2) val-
ues of t . As mentioned before, the fact that Vγ is di-rectly proportional to q2 is expected from electromag-
netic current conservation [11]. To illustrate this point
and to see that the dominant contribution comes from
the magnetic transition coefficient F7γ , let us now note
the numerical values of Vγ , F7γ and F9γ for a top-pion
mass mπ = 200 GeV and for −q2  1 GeV2:
Vγ = 1.6 × 10−3 × t
m2t
× f (),
mtF7γ = −6.9 × 10−3 × f (),
(6)mtF9γ = −2.8 × 10−3f ().
Because Vγ is proportional to t = q2 its contribution
to the cross section will not diverge in the q2 = 0 limit.
This is not quite the case for F7 and F9; for them
there is still a divergent behavior, although this time
it is only a logarithmic one. On the other hand, the F9
t¯qµc coupling contribution is proportional to the elec-
tron mass, and it is therefore much smaller than that
of F7.
The coefficients for tcZ are of similar values, even
though their contribution is very small we have in-
cluded them in our numerical results shown in Figs. 1
and 2.
4. Discussion and results
The differential cross section contribution from
photon exchange, disregarding terms proportional to
the electron mass, is given by [12]:
dσ
dt
= 2πα
2
sˆ2
Mγ
t2
,
(7)Mγ = F 27γ t
[
2sˆ
(
m2t − sˆ
)− m4t − t(2sˆ − m2t )].
As mentioned in Ref. [12] the bulk of the cross section
is given by the photon exchange diagram (Mγ ). This
is because of its logarithmic divergent behavior that is
taken under control with the electron mass. However,
our numerical results include the (negligible) contri-
bution from Z exchange.
The total cross section is given by:
σ =
1∫
xmin
dx φ(x)
tmax∫
tmin
dt
dσ
dt
with φ(x) the charm quark PDF and xmin = (mt +
me)
2/S the minimum value of x . The C.M. energy of
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for THERA.
The limits for t = −Q2 are:
tmin(max) = m
4
t
4sˆ
− (k1cm ± k2cm)2,
k1cm =
√
(sˆ + m2e)2
4sˆ
− m2e,
(8)k2cm =
√
(sˆ + m2e − m2t )2
4sˆ
− m2e.
We have evaluated the total cross section with the
CTEQ6M PDF [13], running at a fixed scale µ = mt .
We have also run φ(x) with the energy scale and have
seen no significant change.
In Fig. 1 we show the production cross section for
the process ec → et coming from the FCNC vertices
tcγ and tcZ. For a mπ = 200 GeV and  = 0.08
we obtain a tiny cross section σ = 0.5 × 10−6 pb,
which is even smaller than the SM contribution to
single top production. As mentioned before, the dom-
inant contribution comes from the photon diagram so
that σ is proportional to F 27γ . We can compare with
Ref. [12], when they take κγ = 0.1 for ec → et at
HERA they obtain a very small cross section of or-
der 0.002 pb including NNLO QCD corrections. They
instead prefer to discuss eu → et because of the small
sea charm quark pdf density. In our model, the tuπ0t
coupling is very small and it will not generate a size-
able tuγ effective vertex. Also, notice that in our no-
tation we have mtF7γ = 2κγ . In Fig. 1 we see that
for  = 0.08 and mπ = 200 GeV the cross section
is 0.5 × 10−6 pb. This is four orders of magnitude
smaller than the cross section of Ref. [12] because
in our case mtF7γ = 0.0025 which corresponds to
κγ = 0.001 two orders of magnitude smaller. This is
only a rough comparison, as we do not include NNLO
QCD corrections.
In Fig. 2 we show the production cross section for
the THERA collider. It is 4–5 orders of magnitude
greater than the one obtained at HERA, but still too
small for an experiment with estimated luminosity of
500 pb−1.
As a final remark, let us compare with the results
of Ref. [7]. There, the cross section values are 6 or-
ders of magnitude greater. As mentioned before, the
cross section in Ref. [7] was calculated from an ef-Fig. 1. Single top production cross section from π0t as a function
of mπ for the HERA collider.
Fig. 2. Single top production cross section from π0t as a function
of mπ for the THERA collider.
fective coupling in the form of Eq. (3). This means
that a very large cancellation must take place in the
small q2 region, and any standard numerical integra-
tion may not be able to handle this situation properly.
Rather, the numerical integration is likely to become
unstable for small t . Perhaps this is the reason why a
(very large) cut in tmin (= −0.001 GeV2) had to be ap-
plied in their calculation. In this work, we have instead
used the effective coupling in the form of Eq. (4). This
new coupling does not induce the large cancellations
of the previous one. The numerical integration is sta-
ble, even in the low t = q2 region. We use the limits
F. Larios et al. / Physics Letters B 605 (2005) 301–305 305given in Eq. (8), for which t can reach small values of
order t = −10−8 GeV2.
In conclusion, we have shown that neither HERA
nor THERA can probe the effects of a top-pion (or top-
Higgs) of TC2 models via single top quark production.
Acknowledgements
We want to thank C.-P. Yuan for helpful discus-
sions. We thank Conacyt for support.
References
[1] For a review see D. Chakraborty, J. Konigsberg, D. Rainwater,
Annu. Rev. Part. Nucl. Sci. 53 (2003) 301, hep-ph/0303092;
M. Beneke, I. Efthymiopoulos, M. Mangano, J. Womersley,
et al., Top Quark Physics: 1999 CERN Workshop on the SM
Physics (and more) at the LHC, hep-ph/0003033.
[2] A. Belyaev, Single top quark in the SM and beyond, Talk
presented at the 8th International Workshop on DIS and
QCD (DIS2000), Liverpool, England, 25–30 April, 2000, hep-
ph/0007058.
[3] T. Han, R.D. Peccei, X. Zhang, Nucl. Phys. B 454 (1995) 527;T. Tait, C.-P. Yuan, Phys. Rev. D 55 (1997) 7300.
[4] J.L. Diaz-Cruz, R. Martinez, M.A. Pérez, A. Rosado, Phys.
Rev. D 41 (1990) 891;
G. Eilam, J.L. Hewett, A. Soni, Phys. Rev. D 44 (1991) 1473.
[5] C.T. Hill, Phys. Lett. B 345 (1995) 483;
K. Lane, Phys. Lett. B 433 (1998) 96;
G. Burdman, D. Kominis, Phys. Lett. B 403 (1997) 101;
R.S. Chivukula, E.H. Simmons, J. Terning, Phys. Lett. B 331
(1984) 383;
D.J. Muller, S. Nandi, Phys. Lett. B 383 (1996) 345;
E. Malkawi, T. Tait, C.-P. Yuan, Phys. Lett. B 385 (1996) 304;
R.S. Chivukula, B.A. Dobrescu, H. Georgi, C.T. Hill, Phys.
Rev. D 59 (1999) 075003;
H. Georgi, A.K. Grant, Phys. Rev. D 63 (2001) 015001.
[6] H.-J. He, C.-P. Yuan, Phys. Rev. Lett. 83 (1999) 28;
G. Burdman, Phys. Rev. Lett. 83 (1999) 2888.
[7] C. Yue, H. Zong, W. Wang, Nucl. Phys. B 667 (2003) 349.
[8] U. Baur, Nucl. Phys. B 304 (1988) 451.
[9] H. Fritzsch, D. Holtmannspotter, Phys. Lett. B 457 (1999) 186.
[10] ZEUS Collaboration, Phys. Lett. B 559 (2003) 153;
See also, H1 Collaboration, Eur. Phys. J. C 33 (2004) 9.
[11] N.G. Deshpande, M. Nazerimonfared, Nucl. Phys. B 213
(1983) 390.
[12] N. Kidonakis, A. Belyaev, JHEP 0312 (2003) 004;
N. Kidonakis, A. Belyaev, Phys. Rev. D 65 (2002) 037501.
[13] CTEQ Collaboration, H.L. Lai, et al., JHEP 0207 (2002) 012.
